The aim of the study was to investigate the effects of 12 weeks Pilates exercises on functional and cognitive performance in elderly people which are living in an elderly care center. Forty three elderly were randomly allocated either to Pilates group (PG, n= 21; mean age, 72.8 ± 7.84 years), which performed three session of Pilates per week for 12 weeks, or to control group (CG, n= 22; mean age, 77.7 ± 7.25 years), which no performed any exercise is except from daily works. Participants tested to handgrip strength, Berg balance scale, Functional reach test and Mini Mental State Examination Test before and after the 12 weeks of exercise. Finally, PG demonstrated improvement in all variables. However, CG has no improvement any variables. Pilates exercises led to significant improvement in functional and cognitive performance. Therefore, elderly people can apply a well-structured Pilates exercise program under Pilates instructor and physiotherapist.
Introduction
Elderliness is a period which is required by evaluation with physical, psychological and social dimensions. Physiological elderliness can be defined changes which were occurred with chronological age (Beğer and Yavuzer, 2012) . Conventionally, "elderly" has been defined as a chronological age of 65 years old or older, while those from 65 through 74 years old are referred to as "early elderly" and those over 75 years old as "late elderly" (Orimo et al.,2006) .
A report which was released by World Health Organization (WHO) informed that in 2010, an estimated 524 million people were aged 65 or older. This ratios are equal to 8 % world's population. By 2050, this number expected to nearly triple to about 1.5 billion, representing 16% of the world's population (https://www.who.int/ageing/publications/global_health.pdf?ua=1).
Elderliness has considerable health problem and function loss such as hearing loss, visual and vestibular function impairment, urologic changes, cardiovascular diseases, osteoarthritis, osteoporosis, diabetes mellitus, dementia, depression and even cancer (Jaul and Barron, 2017) .
Physical function impairments are characterized by decline walking speed, loss of skeletal muscles mass (sarcopenia), frailty, impairment balance and falls are effects of daily life quality and life expectancy in in elderliness (Jaul and Barron,2017) . Peel (2011) reported that falls among people aged 65 years and older are leading cause of fatal and non-fatal unintentional injuries accounting for 40 % of all injury-related deaths.
A position stand released by American College of Sport Medicine (ACSM) argued that although no physical activity can stop the biological aging process, however regular physical activity can minimize physical, physiological and functional impairment (Chodzko-Zajko et al., 2009 ). This position stand also suggested that exercise prescription for older adults should include aerobic exercise, muscle strengthening exercises, and flexibility exercises. In addition, individuals who are at risk for falling or mobility impairment should also perform specific exercises to improve balance in addition to the other components of health-related physical Fitness (Chodzko-Zajko et al, 2009 ).
Muscle strengthening activity and balance exercise three times each week was effective in fall prevention (Nelson et al., 2007) . Pilates has recently gained in popularity and seems to be an efficient manner of strengthening the muscles of the trunk (core training), postural balance, and aspects of quality of life (de Oliveira et al., 2015) . A review showed that Pilates exercises might be considered an exercise intervention that is capable to increase muscle strength as well as to improve static and dynamic balance in elderly populations. Furthermore, functional capacity to perform daily living activities and quality of life can be generally improved if elderly engage in Pilates exercises (Bullo et al., 2015) . Therefore, this study is aimed to investigate the effect of 12 weeks Pilates exercises on functional and cognitive performance in elderly people which are living in an elderly care center.
Method
The Study Group Forty-three individuals aged over 65 years living in an elderly care center participated as volunteers. The participants were randomly divided into two groups as Pilates (n = 21, 10 male +11 female) and control (n = 22, 15 male + 7 female) groups. The ethics committee approval of the study was obtained from Uşak University Health Sciences Scientific Research and Publication Ethics Committee (approval number: 2017-45). Participants were informed about the study and received written consent. The descriptive characteristics of the participants are shown in Table 1 . Participation criteria of participants; to be in a group in which the physiotherapists and doctors in the elderly care center allow them to participate in the regular exercise group, not to have neurophysiological, physiological and physical disorders that may cause obstacles to regular exercise, to read and sign the informed volunteer consent form which declare that volunteer to participate in the study.
Exclusion criteria of participants; not to be in a group in which the physiotherapists and doctors in the elderly care center allow them to participate in the regular exercise group, to have neurophysiological, physiological and physical disorders that may cause obstacles to regular exercise, not to participate for more than 2 weeks of the 12-week exercise period, the emergence of new disturbances that will be a drawback or obstacle to exercise during exercise period, to refuse to participate voluntarily, not to read and sign the informed volunteer consent form even if declare that volunteer to participate in the study.
Research protocol
For the purpose of our study, the participants were evaluated at the beginning of the study and after 12 weeks in terms of Mini Mental State Examination Test, Berg balance test, functional reach test, and hand-grip strength.
Pilates exercises were applied to the experimental group between 10: 00-11: 00 for 12 weeks and 3 days/60 minutes. 1 hour exercise started with 10 minutes breathing techniques followed by 10 minutes warming, 30 minutes basic Pilates movements (4 repetitions in the first 4 weeks, 8 repetitions in the second month, 12 repetitions in the last month (2 sets in bilateral movements, 1 set in unilateral movements) and finally 10 minutes relaxation and cooling exercises were applied. Pilates exercises consisted of spine stretch, hundred, spine twist supine, roll up, neck pull, saw, one leg stretch (single-leg stretch), scissors, bicycle, control balance, one leg circle, leg pull front and side bend. The control group did not participate in any structured activity for 12 weeks and continued its daily activities. The research protocol is shown in Figure 1 . Grip strength measured by using an adjustable digital handgrip dynamometer (Takei Scientific Instruments Co., Ltd., Japan). If there were no paralysis, unconsciousness or other conditions in the participants, measurements were taken from the active side. While standing, elbow joint stretched, arm-body abduction angle of 45 degrees without any support from anywhere, the participant was required to grasp the digital handgrip dynamometer with his fingers and applied 5-6 seconds of force. The application was performed 3 repetitions with rest intervals. 3 values were written to the forms and the highest value was taken into consideration. During the application of the test, an expert stayed on both sides of the participant in case of the risk of falling.
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Functional Reach Test (FR):
Dynamic balance of the subjects was evaluated by Functional Reach Test in this study. The test used for only forward position in this study. Duncan et al (1990) reported that FR test has high reliability and validity for adults aged 20 -87 years. The ability of standing subjects to reach with the left hand horizontally forward (90 degrees shoulder flexion and straight arm) while maintaining a fixed base of support was examined. Instructions were similar to those of Duncan et al. (1990) . A 150-cm yardstick was horizontally mounted on the wall, at the height of the acromion. Reach distance was measured as the displacement of the finger between initial position and end position. Asked to the subject reach forward as far as without taking a step and keeping your hands in a fist shape. Results were recorded as cm. During the application of the test, an expert stayed on both sides of the participant in case of the risk of falling.
Berg Balance Scale (BBS):
Risk of falling of the subjects in this study was evaluated by Berg Balance test. The Berg Balance Scale (BBS) was originally developed for the assessment of postural control, and is widely used in many fields of rehabilitation (Berg et al., 1992) . According to Şahin et al (2008) The Turkish version of the BBS is a reliable and valid scale to be used in balance assessment of Turkish older adults. The aim of this test is to gain knowledge about the participants' postural control, balance ability and awareness level. The Berg balance scale consists of 14 items evaluating daily activities. and each item is rated between 0-4 points as static standing, standing static posture, standing balance transfers, rotation, step against the step test, taking an object from the ground, return to the old position, the transition from ambulatory position, from sitting position to bed. It consists of items that evaluate daily activities such as transfers. Berg's balance test has a score evaluation based on whether the participant can perform independently and safely. The total score was 56 points and the participants were evaluated by this score. Berg's balance test was carried out with at least two experts in order to prevent the negative positions such as falling.
Mini Mental State Examination Test (MMSE):
Cognitive function of the subjects was evaluated by MMSE. Güngen et al (2002) reported that the Turkish version of the MMSE has high reliability and validity for the diagnosis of mild dementia in Turkish. The aim of this test is to obtain information on the level of cognitive functioning of the participants. The Mini Mental State Examination Test is a short, useful and standardized material that can be used to determine the cognitive level and its application in the elderly. The Standardized Mini Mental Test consists of 11 items which are grouped under 5 main headings: orientation, recording memory, attention and calculation, recall and language. In the light of the literature information, those who are literate were evaluated over 30 points and the scores of illiterate were evaluated over 24 points. During the cognitive function test, the participants were taken to the room one by one to avoid being affected each other. Each participant was measured in the same room under the same conditions and both pre-test and post-test were performed in the same place.
Statistics
Study data were analyzed using the SPSS ® Statistics for Windows version 20 software program (IBM, Armonk, NY; 2011). To assess the normality of residuals of related data, the Shapiro-Wilk test was performed and skewness and kurtosis values were checked. Time (pre-test, post-test) was the within subject factor and Group (Pilates, Control) was the between subject factor of the current study. Interaction effects of factors on performance variables were investigated using mixed design analysis of variance (ANOVA; 2 × 2, Group ⨯ Time). Performance changes were compared between groups using independent samples t-test. Levene's test was used to check for the equality of error variances assumption. Unbiased effect sizes of the differences (Hedge's d; d < 0.2 trivial, 0.2 ≤ d < 0.5 small, 0.5 ≤ d ≤ 0.8 moderate, d > 0.8 large effect size) were also reported. Statistical significance level was set at p ≤ 0.05 for all analyses.
Findings
According to 2 × 2 (Group × Time) mixed design ANOVA results, there were statistically significant interaction effects between Group and Time regarding all the performance variables indicating that all performance variables showed different change patterns between groups across 12-week training period ( Improvements in these performance variables were significantly higher in Pilates group when compared to control group (Table 1) . Control Pre-test 26.6 ± 9.7 −2.09 ± 14.4 Post-test 26.6 ± 10.8 %∆ = percentage change, SD = standard deviation, SE = standard error, d = unbiased effect size (Hedge's d), *p < 0.05
Discussion and Conclusion
The aim of this study is to investigate the effect of Pilates exercises which treated 3 sessions per week for 12 weeks on functional (grip strength, functional reach, Berg balance test) and cognitive (mini mental state examination) performance in elderly people which are living in an elderly care center. The main finding of the study is Pilates exercises lead to significant improvement in hand grip strength, Functional reach and Berg balance tests score as well as mini mental state examination test results.
According to results of the current study, we concluded that improvement of functional reach and Berg balance score are attributable to strength enhancement in lower extremity muscles. However, we did not evaluate strength of the lower muscle, some researchers informed that grip strength a simple bedside tool, has been shown to be a valid surrogate measurement of overall muscular strength (Bohannon, 2001; Innes, 1999) . Boguszewski et al (2012) and Fernandez et al (2013) reported that Pilates exercises are not effective in improvement strength of upper limbs strength. However, as in our study, Fourie et al (2012) and Kovach et al (2013) reported that Pilates exercises are effective in increasing upper limbs strength.
Elderly people are related with fall risk, that is one of the major public health issue associated with substantial healthcare costs and risk for disability, hospitalization, even mortality (Patel et al., 2014 ) . On the other hand, Garatachea and Lucia (2013) informed that physical activity which are including endurance, resistance, flexibility and balance exercise reduced fall risk and enhancement functional independence of the elder people.
de Oliveira et al (2015) reported that Pilates exercises two times weekly for 12 week lead significant improvement in postural balance and functional stability when examined by Berg Balance Scale and Timed Up and Go Test. On the other hand, Irez (2014) argued that both walking exercise and Pilates exercises improve Berg balance score and also Pilates exercise might be an alternative way of improving certain physical fitness parameters among the elderly.
In a study by Mokhtari et al (2012) shown that Pilates exercises, 3 sessions of one hour per week for a duration of 12 weeks, lead to significant improvement in dynamic balance when it measured by functional reach test. On the contrary to de Oliveira et al (2015), Irez (2014) and Mokhtari et al (2012) , Gabizon et al (2016) argued that group Pilates exercises, 3 sessions of one hour per week for a duration of 36 training sessions over three months did not improve objective measures of balance control (berg balance scale, Tinetti assessment tool etc) or self-reported health status (SF-36) in older adults.
As we understand, there are studies reported conflicting results of the Pilates exercises on functional performance. These conflicting results might be caused by many factors such as total time , intensity and type of the Pilates exercises, baseline health and physical function capacity of the elderly, test equipment which used for measurement balance, strength etc.
Decrement cognitive functions, short-term memory loss, dementia and depression etc. are the important health issues among elderly (Jaul and Barron, 2017) . ACSM reported that regular physical activity is associated with significant improvements in overall psychological health and well-being (Chodzko-Zajko et al., 2009). Mokhtari et al (2012) reported that Pilates exercises decreased depression by increasing blood serotonin level. Researchers informed that physical exercise such as strength training, combine exercises, tai chi as well as Pilates exercise is an effective non-pharmacological intervention to improve cognitive performance and quality of life in elderly (Tavares et al.,2014; Mariano et al.,2013; de Carvalho Bastone) .
Our study has some limitations that should be mentioned at this point. One of the limitations, Pilates group were younger, taller and heavier than control group in terms of baseline descriptive characteristic.. Second limitation is, we did not evaluate some body composition such as muscle mass, body fat ratio etc. These limitations might be lead to misinterpretation the results.
Finally, Pilates exercises led to significant improvement in functional and cognitive performance in elderly. Therefore, elderly people can apply a well-structured Pilates exercises program under Pilates instructor and physiotherapist.
